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ABSTRACT 

Tests were conducted in the AEDC Aerodynamic Wind Tunnel, Transonic (4T), to 
determine the tunnel calibration and centerline Mach number distributions. The wall 
porosity in the test section is remotely variable using a sliding cutoff plate design. The 
walls were recently modified to allow upstream movement of these cutoff plates instead 
of the original downstream movement for decreasing porosity. During the tests, Mach 
number was varied from 0.10 to 1.35, test section wall angle from -0.5 to 0.5 deg, test 
section wall porosity from 0- to 10-percent open area, and stagnation pressure from 1000 
to 3500 psfa. Some data were obtained showing the effects of humidity. Acceptably 
uniform Mach number distributions were obtained at wall porosities up to 7-percent open 
area, a marked improvement over the original 4T wall design. The tunnel plenum-stream 
calibration relationship was determined to be dependent upon Mach number, wall angle, 
wall porosity, and humidity but nominally independent of stagnation pressure level. 

This document is subject to special export controls 
and each transmittal to foreign governments or foreign 
nationals may be made only with prior approval of 
Arnold Engineering Development Center (AETS), 
Arnold Air Force Station, Tennessee   37389. 
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SECTION I 
INTRODUCTION 

The PWT Aerodynamic Wind Tunnel, Transonic (4T), began operation in 
December 1967. The initial calibration of the variable porosity wall test section was 
conducted intermittently from December 1967 to February 1968 and is reported in Ref. 1. 

During the initial calibration, an overexpansion at supersonic Mach numbers 
occurred in the tapered porosity region. While it was possible to control the over- 
expansion by modifying the tapered porosity section, the wave cancellation properties of 
the walls were not up to expectations. 

A study was initiated in the PWT Aerodynamic Wind Tunnel, Transonic (IT), to 
establish the corrective measures necessary. The results of that study (Ref. 2) indicated 
that by reversing the direction of the cutoff plate motion, very good wave cancellation 
properties were obtained. Acceptable Mach number distributions were also obtained with 
the scaled original 4T tapered porosity region as evidenced in Ref. 3. 

The 4T test section walls were then modified to allow upstream cutoff plate 
motion for decreasing porosity as opposed to the original downstream motion. The 
results of the test section Mach number calibration of 4T with the modified walls are 
included in this report, superseding the Ref. 1 results. 

SECTION II 
APPARATUS 

2.1   BASIC TUNNEL 

Tunnel 4T is a closed-loop, continuous flow tunnel with a usable Mach number 
range from 0.10 to approximately 1.35. It is a variable density tunnel with a stagnation 
pressure range from 300 to 3700 psfa. Presently, only limited control of stagnation 
temperature is possible in the range of approximately 80 to 110°F. 

The test section flow is generated through a two-dimensional, fixed, sonic-block 
nozzle with parallel sidewalls. Supersonic speeds are obtained by expansion through the 
upstream 3 ft of the test section. The top and bottom test section walls may be con- 
verged or diverged 0.5 deg. 

The model support systems located in the diffuser section consist of a half-sector 
sting support with an angle-of-attack range from 28 to -12 deg with the pitch center 
located at station 108 and a six-degree-of-freedom store support for store separation or 
small model testing. The latter is controlled by a digital computer, and a store trajectory 
may be determined either by a point prediction method or by data from a preselected 
grid pattern. Movable sidewalls in the diffuser region alleviate blockage of the model 
support systems. Access to the model for minor changes is provided by moving one of 
the diffuser sidewalls to its extreme position. 
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Tunnel 4T is normally powered by the second increment of the 178,000-hp PWT 
Plenum Evacuation System (PES). The PES consists of two increments which may be 
operated independently, thus making it possible to run 4T simultaneously with either of 
the PWT 16-ft tunnels. 

The location of 4T in the PWT complex is shown in Fig. 1, Appendix I. and the 
general arrangement of 4T is given in Fig. 2. Additional information on 4T and the PES 
is available in Ref. 4. 

2.2 CALIBRATION EQUIPMENT 

A centerline static pipe was used to determine Mach number distributions. The 
pipe is supported at its downstream end by the half-sector model support and at its 
upstream end by forward swept support struts attached to the nozzle sidewalls. An 
11,000-lb tension preload was applied to the pipe with spring washers at the forward 
support struts. A sketch of the pipe installation is given in Fig. 3. 

2.3 TEST SECTION WALL GEOMETRY 

The airside test section wall geometry is sketched in Fig. 4. The maximum wall 
porosity of 10 percent is defined as the area of a hole based upon the diameter divided 
by the area of the parallelogram formed by a four-hole pattern. 

The variable porosity feature is obtained utilizing a sliding cutoff plate behind the 
airside plate with identical geometry. The combined plate geometries of the original 4T 
design and of the modified walls with upstream cutoff plate motion are sketched in Fig. 5. 

SECTION III 
PROCEDURE 

3.1   TEST PROCEDURE 

The primary variables during the Mach number calibration were wall porosity, 
wall angle, pressure ratio, and plenum suction. A series of wall statics manifolded to read 
an average value provided an approximate indication of the test section Mach number. 
This Mach number was set by varying plenum suction (supersonic) and/or main-stream 
pressure ratio (subsonic). In subsonic flow, the pressure ratio was adjusted until uniform 
distributions were obtained at the downstream end of the test section. For supersonic 
Mach numbers, the pressure ratio was usually fixed at approximately X = 1.4. Throughout 
most of the calibration, a wall porosity was set; and data were taken through the Mach 
number range, varying wall angle at each Mach number. 

A stagnation pressure of approximately one atmosphere was maintained for the 
majority of the data. Special runs of varying pressure levels were made to check the 
Reynolds number effect on the results. The stagnation temperature varied from 80 to 
110°F. All pressures were measured using the standard tunnel pressure system and 5-psid 
self-balancing transducers referenced to plenum pressure. 
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3.2 DATA REDUCTION 

Mach number distribution data were obtained on-line using the PWT digital 
computer and data acquisition system. Local Mach numbers were calculated from the 
static pressure measurements and tabulated using a line printer. The data were also 
displayed on a cathode ray tube plotter as a function of tunnel station. The average Mach 
number and the 2-a deviation were calculated for the values downstream of station 72. 
The ratio of plenum pressure to stagnation pressure was used to calculate an equivalent 
plenum Mach number. 

The equivalent plenum Mach number is used as a means of setting test section 
Mach number during normal testing; therefore, it was necessary to develop a relationship 
between this parameter and other tunnel operating parameters. The parameters used are 
test section wall porosity and wall angle in addition to the plenum Mach number. The 
relationship developed is a hy persurf ace fit of the form: 

M. = Mc  - UMc. r) + f2(Mc. r, 0W) 

where, 
fi (Mc, T)  =  a,Mc   +  a,? +   a,Mc

a 

- a4Mcr +  as?*   +  asMc
s 

+   a,Mc*r +   atMci*  +   a.r1   -t-   a,10 Mc
4 

- a^Mc'r  +  a12McV   +   a.jMcT* 

- a„r* +  al5Mc
s   +   aieMc

4r +   a17McV 

+ ai»Mc
2»*   +  a„Mc^   +  aä0 7s  +  aal 

and, 
f2 (Mc, 7, 6W)  =  bi +  baMc   -  b,r +  b4öw 

+ bsMc
2  +  b6Mcr +   b,Mc0w 

+ b.r2  +  b,r0w   +  bio0w
2 

+ bll\'lc
i  T   blaMc

2r +   b„Mc
a0w 

+ b14Mcr2 +  blsMc7Öw  +  b16McÖw
2 

+ b^r3   -   bis^öw   +   b„röw
2   -r   b20öw

5 

This surface fit was determined off-line. 

3.3 ACCURACY OF THE RESULTS 

Based on a confidence level of 95 percent, estimates of the errors in the data 
resulting from instrumentation errors are as follows: 

AM +0.002 
AT ±0.02 
A0W ±0.03 
AX ±0.001 
A(pc/pt) ±0.001 
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This Mach number error does not include the deviation from the average along the 
centerline or the inaccuracy of the surface fit which is discussed in Section 4.2. 

SECTION IV 
RESULTS AND DISCUSSION 

4.1   CENTERLINE MACH NUMBER DISTRIBUTIONS 

Comparisons of the original Tunnel 4T (Ref. 1) Mach number distributions 
obtained prior to the flow expansion region modification with representative distributions 
obtained with the present walls are presented in Fig. 6. For all supersonic Mach numbers 
significant improvement was obtained with the upstream cutoff plate motion. Of course, 
the full-open position (r = 10) is the same geometry for both cutoff motions, and no 
change was noted at this porosity setting. 

Mach number distributions obtained at 0-deg wall angle are presented in Fig. 7. 
The tunnel pressure ratios shown in Figs. 7a through 7c are not necessarily the optimum 
settings, as evidenced by slight gradients at the rear of the test section. For supersonic 
Mach numbers, the tunnel pressure ratio was held nominally constant at X = 1.4. Since 
publication of Ref. 1, a vortex generator ring has been installed in the diffuser to prevent 
flow separation. Consequently, the required tunnel pressure ratios are slightly less than 
those shown in Ref. 1. 

The distributions obtained with wall porosities above T = 7 are generally not 
acceptable because of an uncontrolled overexpansion at the beginning of the the test 
section. It is, therefore, recommended that the maximum porosity be limited to r = 7 for 
normal tests. 

The influence of test section wall angle on the centerline Mach number 
distributions at T = 3 is shown in Figs. 8a through 8c. These distributions are 
representative of data obtained at other wall porosities. For subsonic Mach numbers, the 
required tunnel pressure ratio increases with diverging wall angle. This sensitivity of 
pressure ratio to wall angle did not exist with the original wall/diffuser geometry. 
However, the original walls did show an interaction between tunnel pressure ratio and 
wall porosity, whereas the present wall configuration results in the required pressure ratio 
being essentially independent of wall porosity. Except for local disturbances at the 
beginning of the test section, wall angle variation has little effect upon the Mach number 
distribution. 

A useful measure of the degree of flow uniformity is obtainable utilizing the 
standard deviation statistic, 2 a. The variation of this parameter with free-stream Mach 
number is shown in Fig. 9. References to Mach number nonuniformity in Tunnel 4T 
should be stated in the form, Mi ± 2 a. These nonuniformities are less than ±0.005 from 
M = 0.10 to 1.05, ±0.01 at M = 1.20, and ±0.02 at M = 1.35. 

The Mach number distributions are insensitive to tunnel stagnation pressure level, 
as shown in Fig. 10. Also indicated in the figure are the corresponding equivalent plenum 
Mach numbers, which show that the plenum-stream calibration relationship is 
independent of stagnation pressure. 

4 
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Water vapor condensation was found to have a noticeable effect on both the 
centerline Mach number distributions and the plenum-stream calibration, as indicated in 
Fig. 11. With a relatively high humidity and visible condensation, the Mach number 
distribution is a function of humidity, but the plenum-stream calibration is nominally 
unaffected. At intermediate humidity levels (co = 0.0017 for this test condition), the 
water vapor apparently condenses in the test section proper; and both the distribution 
and the plenum-stream calibration are variable with time resulting in an unacceptable test 
environment. This critical humidity level corresponds to a dew point temperature 3 to 4 
deg below the dew point temperature at the onset of visible fog at pt = 2000 psfa. Below 
this critical humidity level, both the distribution and the plenum-stream calibration are 
independent of humidity. 

4.2  PLENUM-STREAM MACH NUMBER CALIBRATION 

For perforated wall wind tunnels, it is generally accepted that the relationship 
between plenum pressure and free-stream pressure is independent of model size or shape. 
This assumption allows the setting and determination of free-stream Mach number from 
measurements of the tunnel stagnation and plenum pressures. 

The plenum-stream calibration data and analytic approximation are shown in Fig. 
12. In general, the approximation fits the data within the apparent repeatability band; 
however, errors as large as AM = ±0.01 exist at the extreme wall angles. 

For normal testing, it is recommended that the wall angle be fixed at 0W = 0. 
This results in a Mach number error attributed to the analytic approximation of less than 
±0.002 throughout the wall porosity range. Inclusion of the tunnel instrumentation errors 
results in an overall Mach number setting error of less than ±0.003. 

SECTION V 
CONCLUSIONS 

Based on the results from this calibration of Tunnel 4T, the following conclusions 
have been reached: 

1. The Mach number distribution nonuniformities are less than ±0.005 from M = 
0.10 to 1.05, ±0.01 at M = 1.20, and ±0,02 at M = 1.35. 

2. Upstream cutoff plate motion provides a test section boundary far superior to 
that with downstream motion with respect to uniformity of the centerline 
Mach number distributions above M = 1.0. 

3. Centerline Mach number uniformity and level is independent of tunnel 
stagnation pressure level for a fixed ratio of plenum pressure to stagnation 
pressure. 

4. To ensure valid data, it is recommended that the tunnel dew point 
temperature be maintained at least 5°F below that corresponding to the 
visible water condensation point. 



AEDC-TR-69-134 

REFERENCES 

1. Hartley, M.S-. and Jacocks, J.L. "Initial Calibration Results from the AEDC-PWT 
4-Foot Transonic Tunnel." AEDC-TR-68-141 (AD837078), August 1968. 

2. Jacocks,   J.L.   "Reduction  of Wall-Interference  Effects  in   the  AEDC-PWT   1-FT 
Transonic Tunnel with Variable Perforated Walls." AEDC-TR-69-86, May 1969. 

3. Jackson, F.M. "Calibration of the AEDC-PWT 1-FT Transonic Tunnel with Variable 
Porosity Test Section Walls." AEDC-TR-69-114, to be published. 

4. Test Facilities Handbook (Seventh Edition), "Propulsion Wind Tunnel Facility, Vol. 
5", Arnold Engineering Development Center, July 1968. 



AEDC-TR-69-134 

APPENDIXES 
I.   ILLUSTRATIONS 

II.  TABLE 



RTF SCAVENGIHC 
HEAOCR 

MAKE-UP AIR HEAD« 

VD 

• -TRUSOtllC TUNNEL 
• <      CONPKESSO« 

■<**- 

SUPERSMNC TUIKl 
CMPRESSM 

COKPRESSOi 
BMPK1T 
tULNK 

D 
o 
H 
3 
O) 

Fig. 1   Propulsion Wind Tunnel 



PLENUM DUCT 

> 
m 
□ o 
31 
O) 
(O 

MODEL 

SILENCER 

WIDE ANGLE 
DIFFUSER 

Fig. 2  Tunnel 4T General Arrangement 



2.875 

_J_ 
T 

74 ORIFICES 
STA. 148 

(2-IN, SPACING) 

SOLID   AREA 

STA. 0 

ALL  DIMENSIONS   IN   INCHES 

Fig. 3 Centerline Static Pipe Installation 

> 
m 
□ 
■ 
H 
50 



AEDC-TR-69-134 

AIR FLOW 

0.375 
60° 

0.500 DIAM 

^szz^^^^^^^^ 
ALL DIMENSIONS IN INCHES 

Fig. 4 Airside Test Section Wall Geometry 

12 



AIRFLOW ALL DIMENSIONS IN INCHES 

DOWNSTREAM   MOTION 

FIXED PLATE 

SLIDING  PLATE 

u> 

0.500 DIAM 

FIXED  PLATE 

SLIDING   PLATE 

UPSTREAM   MOTION 

Fig. 5  Original and Modified Cutoff Plate Movement Geometry 

> 
m 
O 
o 
H 
33 
I 

05 



AEDC-TR-69-134 

1.4 

1.3 

1.1 

1.0 

0.9 

T = 3.0 

T 1 1 1  

O UPSTREAM CUTOFF 
D DOWNSTREAM CUTOFF 

> 

lOttKmP 

20 40 60 80 100 120 

TUNNEL   STATION, X, in. 
140 160 

a.  T = 3.0 
Fig. 6  Comparison of the Mach Number Distributions with Downstream 

and Upstream Cutoff Plate Movements, 0W = 0 

14 



AEDC-TR-69-134 

1.4 

1.3 

1.2 

T r 

0.9 

T = 5.0 
O    UPSTREAM   CUTOFF 
□    DOWNSTREAM   CUTOFF 

■P*"* qp^s 

40 60 80 100 120 140 160 
TUNNEL  STATION, X, in. 

b.  T = 5.0 
Fig. 6 Concluded 

15 



AEDC-TR-69-134 

1.0 

0.9 

0.8 

0.7 

uj    0.6 
DO 

X 
o 

< 
u 
o 

0.5 

0.4 

0.3 

0.2 

0.1 

i i r 
M|= 0.908   X =1.127 

oAoooocpoCbfo^ 

M, = 0.587   X =1.063 

Mi =0.515   X = 1.04 8 
oooopooocpoooor^ 

M, =0.383 X =11032 
oöocDoc Doooo DCDCXD6CCOO6OOOOOO^^ 

M, =0.300  X = 1.020 
<xxooocJoooo6oooocboooo(^^— 

M| =0. 198 X =1.008 

CXXX^OXDCXJOOOOCJOOOOö 

1 . , , , M, = 0.105   X = l.002 

ooooöooocxxxxxxjco  

-20 20       40       60       80        100     120      140      160 
TUNNEL STATION, X, in. 

a.  M = 0.10 through 0.90 
Fig. 7 Centerline Mach Number Distributions, 0W = 0 

16 



AEDC-TR-69-134 

I.I 

1.0 

0.9 

^ccxxjocxäajpo^^ 

o 
o 

1.0 

0.9 

i r 
M,=0.955   X = I.I37    T = 6.0 

Mi =0.947   X = U33    T = 3.0 

M, =0.957   X = 1.119    T = I.O 

M, =0.964 X=I.I32   r = 0.5 

0000<jxXX> 

-20 0       20       40       60       80       100     120      140      160 
TUNNEL STATION, X, in. 

b.   M = 0.95 
Fig. 7  Continued 

17 



AEDC-TR-69-134 

I.I 

w 
m 

o 
< 

< o 
O 

I.I 

1.0 

I.I 

1.0 

I.I 

1.0 

i.l 

1.0 

0.9 

1         1         1         1         1      ■ 

Mi = 0.996  X =1.407   T = I0.0 

f a 
pOOQS >CCDOC; ooooc DOLCD roouu. 

M| =1.002   A = 1.403   T=8.0 

LP 

'. « 

loCOQ pcccc 

M| =0.988  ] \. = 1.192 >  r = 5.0 

\ 

pocxx XDCSXX OCDOC couoc CDODC OOOOC OOCDC CU 

Mi =1 .001    X=l.40 7  r = 3.0 

pcCQ: DöCö^ OQCOO LA-^JLl njuuv GOOOC UJUUJ \^*s 

M| =0.994 X=l.22 0  T= 1.0 
K) 

oc pOCDC jcoocx SDOOC* [ö^üa 7JO-A- JÜUOC ooooo V^T 

-20 0        20      40       60       80       100     120      140     160 

TUNNEL  STATION, X, in. 

c.  M = 1.00 
Fig. 7  Continued 

18 



AEDC-TR-69-134 

DC 
ÜJ 
CD 
S 
3 

Ü 
< 

< 
Ü 
O 

I.I 

1.0 

I.I 

1.0 

I.I 

1.0 

I.I 

1.0 

I.I 

1.0 

0.9 

1    1    1 
M| = 1.059   T = I0.0 

1 

i 

r ,rfS0C >CQlPC D0O0C xx^doooocbcocxiD 

r 
M| = 1.066 r= £ >.o 

^ 

pöoc Poocc x3Öbö >OOPC D0O00 DOOOO 00 

y 

Mi s| 037 T= 4 .0   

00 

i 
pcod )CP°C poooc cßpoc boob ODOCOc 

L        *T 

Pooc5 

M, = 1.050 

OOCPC coocc 
.0 — 

00 

°l 
o^ 

DCPOC OQDQ* XXXPC 

-20 20       40       60       80       100 
TUNNEL STATION, X, in. 

d.   M = 1.05 
Fig. 7  Continued 

I20       I40     I60 

19 



AEDC-TR-69-134 

1.3 

1.2 

I.I 

I.I 

u    I 0 

X 
u 
< 

< 
Ü 
o 

I.I 

1.0 

I.I 

1.0 

I.I 

1.0 

0.9 

1           1           1 
M,= I.II9      T = I0.0 

^ ij ̂ ^\VL_ 
—^ 

<fcp* 

r 

s^ 'S*** 

M| = l.ll5     T= 6.0 

txxPOooooioooo^noooto 

^ 
\ 

/i 
r 

Mi = 1.079 T= 5.0 

^ 

p&x. 3CQ00 3DCÖ0C )OQÖ)CfaCöCX: ooooc QD 

ö^ 

M| = 1.073   T= 4.0 

i 
^ 

pd?« ooocc CCOöC C$PC o>ooc> XXXXJ 00 

r 

33COÖ 3CD0OC 

M, = 1.097 T = 3 .0 

—°i ^ 

U** Hp^ JMOOL UUMQ*- ^"w/     - 

r - 

20        0        20       40       60       80       100      120      140     160 

TUNNEL STATION, X,  in. 

e. M = 1.10 
Fig. 7  Continued 

20 



AEDC-TR-69-134 

0.9 
-20 0 20       40       60        80       lOO      I20      I40 

TUNNEL STATION, X, in. 

I60 

f.  M = 1.15 
Fig. 7  Continued 

21 



AEDC-TR-69-134 

- 20 20      40       60       80       100 

TUNNEL  STATION, X, in. 

120      140     160 

g.   M = 1.20 
Fig. 7  Continued 

22 



AEDC-TR-69-134 

tr 
ÜJ 
m 
ID 

I 
Ü 
< 

< 
O 
O 

-20 0        20       40       60      80       100      120      140     160 
TUNNEL STATION, X, in. 

h.   M = 1.25 
Fig. 7  Continued 

23 



AEDC-TR-69-134 

0.9 
- 20 20      40       60       80        100 

TUNNEL STATION, X, in. 
120     140     160 

i.  M = 1.30 
Fig. 7  Concluded 

24 



AEDC-TR-69-134 

0.9 

0.8 

0.8 

0.7 

ID 
ID 

U 
< 

< 
O o 

0.7 

0.6 

0.6 

0.6 

0.5 

1 1 1  
M| =0.788    X =1.103 

M, =0.816    X = ni5 

SYM 
D 

O 

0W 

-0.5 
0 

0.5 

Ml = 0.606   X= 1.052 
i r 

M| =0.610   X =1.064 

cmarcaxm^^ 

MWV 

M| =0.603  X =1.070 

.20        0        20       40       60       80       100      120       140     160 
TUNNEL  STATION, X, in. 

a.   M = 0.60 and 0.80 
Fig. 8  Influence of Wall Angle on the Centerline Mach Number Distributions, r = 3.0 

25 



AEDC-TR-69-134 

ÜJ 
m 

o 
< 

-I 
< 
Ü o 

-20 

oP-ött 

—I 1—I— 
Mi =0.996    X = 1.442 

jnnmij-ia»iiji11ifa— 
M| =1.001      X= 1.407 

M, = i.0Ö5    X = U64 

SYM 
D 
O 
A 

0W 

-0.5 
0 

0.5 

20      40        60       80        100 
TUNNEL STATION, X, in. 

120     140     160 

b.   M = 0.90 and 1.00 
Fig. 8 Continued 

26 



AEDC-TR-69-134 

1.2 

I.I 

I.I 

I.I 

1.0 

Ml 

M 

= 1.150 

= 1.151 

)Q0C3)O 
= 1.163 

iota! XI 

i 
M| 

M| 
DOCOC^O 

i □c 

Ar 

tr 
ÜJ 
CD 

Z 

X 
O 
< 

< 
o 
o 
-I 

1.2 

I.I 

I.I 

I.I 

1.0 

0.9 
-20 

SYM 

D 
O 

■0.5 
0 

0.5 

□Stf 
M, ? 1.093 

FtEBP DO  1 rfd^P1- ItrflL 
Mi = 1.091 

1 ^ 
M|=I.I06 

PCMct 

20       40       60        80       100 

TUNNEL STATION, X, in. 

c.   M = 1.10 and 1.15 
Fig. 8  Concluded 

I20      I40     I60 

27 



to 

0.03 

0.02 - 

b 
C\i 

0.01  - 

> 
m 
O 
O 
■H 
30 
Ö) 
(D 
—A 

u 

Fig. 9  Mach Number Uniformity as Expressed by the  Standard Deviation Statistic, 2 a 



AEDC-TR-69-134 

ui 
CD 

X 
o 
< 

< 
Ü 
o 

20       40       60        80       I00      I20      I40     I60 
TUNNEL STATION, X,  in. 

Fig. 10   Influence of Tunnel Stagnation Pressure on the Mach Number Distributions 
at M = 1.20, T  = 6.0, 0W - 0 

29 



AEDC-TR-69-134 

UJ 

X 
Ü 
< 
2 

< 
Ü o 
_J 

0.9 
-20        0       20       40      60        80      I00      I20      I40      I60 

TUNNEL STATION, X, in. 

Fig. 11   Influence of Humidity on the Mach Number Distributions at 
M - 1.20, T  = 6.0, 0W = 0 

30 



AEDC-TR-69-134 

0.04 

-0.08 
1.2 1.4 

a.  0W = -0.50 
Fig. 12   Plenum-Stream Mach Number Calibration Data and Hypersurface Fit 

31 



b.  0W = -0.25 
Fig. 12 Continued 

32 



AEDC-TR-69-134 

004 

0.02 

u 

I 

0.02 

■004 

•006 

-0.08. 

c.   0W = 0 
Fig. 12 Continued 

33 



d.  0W = 0.25 
Fig. 12 Continued 

34 



AEDC-TR-69-134 

o.o* 

- 

8V =0.50 

0.02 

0 

0      0     O J&2 \o^J2 
\ojo- o 

Q 

T= 6.0 

  
^ 

< 

0 
r= 5.0 

0 

< 
T= 4.0 

 ""1 
b^E^D^ 

0 
] 

□      D      ' 

T=   3.0 

s 
1 
_     0 
E 

~~~ 

T= 2.0 

0 
T=   1.0 

N 0 

-0.02 

-0.04 

-0.06 

r= 0.5 \ 

1 
1 

i 

n 

0.2 0.4 0.6 0.8 
Mc 

1.0 1.2 1.4 

e. 0W=O.5O 
Fig. 12 Concluded 

35 



AEDC-TR-69-134 

TABLE 11-1 
PLENUM-STREAM CALIBRATION CONSTANTS 

a, 

1 2.5098-02 5.3533-04 

~2 ' -3.9656-03 -1.3126-02 

3 -6.9294-02 4.1810-04 

4  . -1.3310-02 -1.7368-03 

5 2.2181-03 1.9803^02 

6 6.5772-02 2.7782-03 

7 1.6527-02 4.8594-02 

8 2.8406-03 -2.0072-04 

9 -4.3384-04 -2.8458-03 

10 -3.0951-02 -4.0930-03 

11 -7.9216-03 -1.0385-02 

12 -1.3421-03 -1.1063-03 

13 -1.8626-04 2.0356-02 

14 3.4042-05 -1.1099-04 

15 -1.5100-02 -1.0192-02 

16 1.0738-02 -2.3558-02 

17 -1.0184-03 1.3193-05 

18 8.8207-05 3.2277-04 

19 5.3506-06 2.2427-03 

20 -8.8922-07 2.6113-02 

21 9.8241-04 ___ 

Note:      2.5098-02  - 0.025098 
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